[ABSTRACT] It is considered that olfactory stimulation by fragrance inhalation is one of the methods of relaxation. We examined the possibility by using fragrance inhalation essential oils, such as sweet orange oil and peppermint oil. We measured salivary alpha-amylase activity and state anxiety levels in undergraduate students before and after inhalation. Salivary alpha-amylase activity levels have been utilized to assess the sympathetic nervous activity. Our results indicate that both salivary alphaamylase activity and state anxiety levels are significantly reduced after fragrance inhalation of the sweet orange oil. Consequently, our research suggests that sweet orange essential oil has a relaxation effect.
INTRODUCTION
It has been shown that olfactory stimulation by fragrance inhalation using essential oil exerts physiological effects. In young healthy individuals, essential oil inhalation was found to be an effective method of relaxation. As an indicator of relaxation, the low frequency (LF) and high frequency (HF) components of heart rate variability were used to quantify modulation of the sympathetic and parasympathetic systems 1) . Also, as another indicator, salivary alpha-amylase activity levels have been utilized to evaluate sympathetic nervous activity. Previous studies have indicated that salivary alpha-amylase activity levels rose in response to psychological and physical stress 2, 3) .
Salivary alpha-amylase activity levels might reflect the acute psychological response by fragrance inhalation 4) .
Few experimental studies have examined the physiological and psychological effects of essential oil fragrance inhalation.
It is expected that fragrance inhalation by using essential oil is an easy and noninvasive method to promote relaxation in humans. Therefore, we investigated the relaxation effect of fragrance inhalation on the sympathetic nervous activity by the measuring of salivary-alpha amylase activity and state anxiety level change by using the psychological index, the State Trait Anxiety Inventory (STAI) 5) .
MATERIALS AND METHODS

Participants
Seventy-nine healthy undergraduate students (6 males and 73 females) aged 19 to 21 years old, participated in our study.
All participants were informed about this study and consent 
Statistical analysis
Paired t-test was used to examine differences between before and after fragrance inhalation in the state-anxiety. The
Wilcoxon signed-rank tested differences between before and after fragrance inhalation in salivary alpha-amylase activity levels. Logarithmic-transformation was performed for levels of salivary alpha-amylase activity. The statistical significance level was set at 0.05 of p-value. The analyses were performed with a commercially available statistical package (SPSS Ver. 16.0).
RESULTS
Change in salivary alpha-amylase activity levels induced by fragrance inhalation of sweet orange oil and peppermint oil was measured. As shown in Fig. 1 , comparison of measured levels before and after inhalation of sweet orange oil decreased hand, the state anxiety score by inhalation of peppermint oil did not change after fragrance inhalation (Fig. 2) .
DISCUSSION
As shown in Fig. 1 salivary alpha-amylase activity levels were significantly lower than before fragrance inhalation of sweet orange oil. Previous studies have indicated that fragrance inhalation has an influence on salivary alpha-amylase activity or sympathetic nervous activity. It has been shown that salivary alpha-amylase activity decreased significantly by lavender oil inhalation 4) . In another study, fragrance inhalation of rose oil resulted in a 30% decrease of adrenaline plasma concen-
. On the other hand, fragrance inhalation of pepper oil induced a 1.7-fold increase in plasma adrenalin concentration 9) . Furthermore, after fragrance inhalation of bergamot oil, there were significant decreases in blood pressure and heart rate along with the ratio of the low frequency (LF) power to high frequency (HF) components of heart rate variability (LF/ HF) showing an increase in heart rate variability and HF power percentage 10) . These findings indicate that fragrance inhalation of essential oil stimulates or depresses the sympathetic nervous activity. Accordingly, it may be considered that the results from this study showing salivary alpha-amylase activity levels decrease after fragrance inhalation were caused by depressing sympathetic nervous activity.
From our results, the score of the state anxiety also decreased significantly from before fragrance inhalation of the sweet orange oil (Fig. 2) . In other words, state anxiety level changed from moderate score (48.2) to a low score (41.2) after Fig. 1 Change of salivary alpha-amylase activity levels (logarithmic-transformation) before and after fragrance inhalation of essential oils. *p < 0.05 (Wilcoxon signed-rank test). sweet orange oil (n = 44), peppermint oil (n = 31) Fig. 2 Change of state anxiety scores before and after fragrance inhalation of essential oils. ***p < 0.001 (paired t-test). sweet orange oil (n = 39), peppermint oil (n = 31) 1 min of fragrance inhalation of the sweet orange oil. It is conceivable that sweet orange oil might induce relaxation through psychological effects and decrease sympathetic nervous system activity. In experimental study on Wister rats, anxiolytic effects were observed using sweet orange 11) . The effect of some essential oils, including sweet orange oil, and lavender oil were reported to reduce anxiety through use as aromatherapy 12, 13) . In patients with breast cancer, the anxiety scores reduced after massage of the neck, thorax, back, shoulders, arms, hand and upper legs using by sweet orange oil in the STAI test 14) .
In contrast, our results show that there are no significant differences before and after fragrance inhalation of peppermint oil. Peppermint oil has been used to calm pruritus and relieve irritation 15) . Research indicates that peppermint oil and its components, such as menthol, produce moderate inhibitory activity against human pathogens 16) . Effects of peppermint oil may be different from relaxation.
Limitations of this study included that participants were only undergraduate students and a large majority were female students. Various age groups and males will need to be studied in the future. Also, another indicator of sympathetic nervous system activity will be required in future studies, such as LF/HF.
In conclusion, our findings suggest that fragrance inhalation of sweet orange oil may be utilized as a method of relaxation in undergraduate students.
